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Fig. 3 Summary of design procedure.
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Table 1 Summary of design values Table 2 Values derived from the design calculations
Item Unit Value Item Unit Value
Power MW 0.05 Fuel flow kg/s 0.0010
CH4 lower heating value Ml/kg 50 lfmin 84*
Molar mass of oxygen kg/kmol 32 Oxygen needed for oxidation of the kg/s 0.0040
Molar mass of fuel kg/kmol 16 fuel //min 168
Stoichiometric ratio for reaction - 2 Air ratio - 1.1859
between fuel and oxygen Gas yield in Oxidizer - 0.8433
Volume fration of O; in the air - 0.04 Air mass flow kg/s 0.0204
from oxidizer J/min 044
Volgme fraction of O, in the input - 021 Recirculation ratio to reducer - 1.0204
air (Total flow / fuel flow)
Mass fraction of oxygen in air - 0.233 Cross-sectional area of Oxidizer m’ 0.0045
Gas velocity in the oxidizer m/s 5 Column diameter of Oxidizer m 0.0760
Specific. .Volume of air at ambient  m’/kg 0.778 Cross-sectional area of Reducer m’ 0.0168
condition ] Column diameter of Reducer m 0.1461
Reference temperature OC 0 Bed mass of Oxidizer kg 4.7618
Oxidizer temperature C 900 Bed mass of Reducer kg 21.1084
Gas velocity in the Reducer més 0.12 Bed pressure drop in the Oxidizer —mmH,O 284.3489
Specifig .volume of air at ambient  m7kg 14 Bed pressure drop in the Reducer = mmH,O 1260.4639
condition .
. Oxygen ratio - 0.1285
Operating pressure a:tm 3 [O weight/(total particle weight)]
Reducer temperature C 880 Capacity of carrier in Oxidizer - 0.1289
Gas yield in Reducer ) 0.98 Capacity of carrier in Reducer - 0.1309
Bed height in the Oxidizer m 0.5
Bed height in the Reducer m 3 0.6 Required conversion rate %/min 39.1148
Particle density kg/m 4200 in the Oxidizer
Viodage in the bed - 0.5 Required conversion rate %/min 8.6875
Gravity acceleration m’/s 9.81 in the Reducer
Oxygen carrier particle NiO/bentonite Mass flow of entrained solids kg/s 0.3104
Weight fraction of metal oxide in - 0.6 from the oxidizer
particle Solid circulation flux kg/mzs 68.4510
Molecular weight of metal oxide g/gmol  74.69 Mass flow of solids from the kg/s 0.3064
28 Reducer to Oxidizer
Molecular weight of metal g/gmol  58.69 Mean residence time of solid in the s 68.8844
34 Reducer
Oxygen ratio [O weight/(total - 0.128 Circulation times of solid in the #/hr 52.2615
particle weight)] 5216 Reducer
Conversion in Oxidizer - 0.98 Fan power for Oxidizer kW 0.0489
Conversion difference - 0.1 Fan power for Reducer kW 0.0135
Conversion in Reducer - 0.88 Fractional fan power for Oxidizer % 0.0978
Isentropic coefficient - 14 Fractional fan power for Reducer % 0.0271
Fan efficiency - 0.9 * at ambient condition
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